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in clinical practice involving applying auxiliary diagnosis, predicting prognostic outcome, evaluating therapeutic efficacy, and monitoring the severity of the condition (Shimada, Noie, Ohashi, Oba, & Takahashi, 2014) . There are many traditional biomarkers such as CEA (carcinoembryonic antigen), , failing to achieve utility of cancer diagnosis (Baskic et al., 2007; Stieber et al., 2015; Zhang et al., 2013) . Therefore, in the recent decade, several studies have been trying to find new breakthroughs from miroRNAs, lncRNAs, and circular RNAs (circRNAs) to explore more effective tumor biomarkers.
Circular RNAs, a special class of endogenous noncoding RNAs, are characterized by closed loop structures formed by covalent bonds of the head and tail, which are universally generated from exons of precursor mRNAs via backsplicing (Hsu & Coca-Prados, 1979; Meng et al., 2017) . Consequently, circRNAs are more stable and conserved than linear RNAs, so large numbers of circRNAs can extensively exist in peripheral blood or tissue, and even in exosomes (Jeck et al., 2013; Li, Zheng, et al., 2015; Meng et al., 2017; Rybak-Wolf et al., 2015) . CircRNAs might regulate carcinogenesis of different cancer through their complex biological functions, involving serving as ceRNAs or miRNA sponge, regulation of gene transcription, or splicing and interaction with other proteins as well as translation into proteins (Barrett & Salzman, 2016; Chen, Li, Tan, & Liu, 2016; Cortes-Lopez & Miura, 2016; Hansen, Kjems, & Damgaard, 2013; Kulcheski, Christoff, & Margis, 2016; Li, Yang, et al., 2015; Qu et al., 2015) . For example, circRNAs containing shared MREs (miRNA response elements) could competitively absorb miRNAs like sponges, resulting in functional changes of the relevant miRNAs. The biological mechanism suggested that lessening the inhibitory effect on their target genes might cause overexpression of the genes (Hansen et al., 2013; Memczak et al., 2013; . CircRNAs interact with other genes to promote carcinogenesis via oncogenic signal pathways in multiple types of cancer Yao et al., 2017) . Moreover, circRNAs might also inhibit or promote proliferation, migration, metastasis, and invasion of tumor cell (Chen, Li, Zheng, et al., 2017; Guo et al., 2016; Ma, Yao, Yu, Chen, & Li, 2018; Yu et al., 2018; Zhang, Xu, et al., 2018; Zhong et al., 2018) . Additionally, differentially expressed circRNAs may be novel biomarkers with higher accuracy and efficacy for cancer diagnosis due to their stable structure and intricate gene regulatory functions.
Specific circRNAs could serve as potential candidate biomarkers for detection of different kinds of cancers, including colorectal cancer, breast cancer, gastric cancer, lung cancer, and hepatocellular carcinoma, through the discovery of circRNAs and their different expression profiles. The purpose of the study was to reveal the potential value of circRNAs for cancer diagnosis. First, this study aimed to evaluate the diagnostic accuracy of a single circRNA detected in plasma or serum and tissue. Furthermore, we also explored whether diagnosis of combined circRNAs is more effective than a single circRNA.
| MATERIALS AND METHODS

| Literature search
The meta-analysis was strictly performed in accordance with the statement of the PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analyses) (Moher, Liberati, Tetzlaff, & Altman, 2009) . To obtain relevant literatures, we searched six databases including PubMed, Sciencedirect, Cochrane Library, Web of Science, Wanfang, and Chinese National Knowledge Infrastructure databases up to February 15, 2019. Four English databases adopted the search strategy ("circular RNA" OR circRNA OR "circularRNA") and (diagnosis OR specificity [SPE] OR sensitivity [SEN] OR "receiver operating characteristics" OR ROC) and (cancer OR carcinoma OR tumor OR malignancy OR neoplasm OR lymphoma OR leukemia). Two Chinese databases use the following search terms ("circular RNA" OR circRNA OR "circularRNA") and (cancer OR carcinoma OR tumor OR malignancy OR neoplasm OR lymphoma OR leukemia). The references of the retrieved articles were also retrieved manually to guarantee that each eligible study was not missed. All included literatures were independently assessed by three reviewers (L.J., G.M., and L.X.). Any disagreement opinions were resolved by fully discussing to consensus with a fourth reviewer (Y.Z.).
| Literature selection
All eligible studies consistently met the following included criteria: (a) expression of circRNA was detected in tissue or plasma/serum from peripheral blood; (b) studies focused on the association between circRNA expression and diagnosis for multiple kinds of cancers; (c) the all included studies provided available data covering the sample size of case and control, SEN, SPE, and area under curve (AUC). In addition, excluded criteria of unqualified studies: (a) reviews, metaanalyses, and letters; (b) duplicated publications; (c) unqualified or not available data; (d) non-English literatures.
| Data extraction and quality assessment
The following information was collected for each included literature: first author, year and country of publication, sources of control, cancer type, specimen type, detection method, sample size of case and control, downregulated or upregulated expression of circRNAs, and other pivotal data involving the SEN, SPE, AUC, and the cutoff value. Two reviewers repeatedly appraised the methodological quality assessment of each diagnostic test according to the Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) criteria (Wade, Corbett, & Eastwood, 2013) .
| Statistical methods
Meta-analysis was conducted using STATA 11.0, Meta-DiSc 1.4, and Review Manager 5.3 software. Review Manager 5.3 software was applied to assess the quality of the original literature. The random effect model was adopted to calculate the pooled SEN, SPE, positive likelihood ratios (PLR), negative likelihood ratios (NLR), and diagnostic odds ratio (DOR) with corresponding 95% confidence intervals (CIs) to evaluate diagnostic value of circRNAs. The summary receiver operator characteristic (SROC) curve was used to calculate the corresponding area under the SROC curve (AUC) for the quantitative assessment of diagnostic accuracy. All diagnostic parameters were evaluated by the rates of true positive, false positive, false negative, and true negative from original studies. Furthermore, the Cochran's-Q and I-squared (I 2 ) statistics index was used to evaluate the heterogeneity across studies. A p value less than 0.05 from Q test and an I-square of more than 50% from I-squared test indicated the existence of significant heterogeneity among eligible studies. The ROC plane/Spearman's correlation coefficient was conducted to examine the heterogeneity caused by the threshold effect. Meta-regression and subgroup analysis were used to explore other possible sources of heterogeneity not related with threshold effect. A bivariate box plot was used to detect the heterogeneity of each study. Fagan's nomogram was constructed to calculate the posttest probabilities for the clinical practicality. Deeks' funnel plot asymmetry test was applied to examine the probability of publication bias.
| RESULTS
| Study characteristics
Initially, a total of 1,414 articles were retrieved. Finally, a total of 64 studies about a single circRNA and 13 studies about combined circRNAs from 43 publications were included in the meta-analysis after removing unqualified literature. The flow diagram of the literature selection was provided in Figure 1 . Among the included publications, a total of 43 articles on 64 studies were analyzed involving 10,123 subjects in Table S1 . Of the 64 studies, five studies focused on colorectal cancer (Ji et al., 2018; Wang, Li, et al., 2018; Wang et al., 2015; Zhang, Yang, et al., 2018; Zhuo, Lin, Chen, Huang, & Hu, 2017) , 10 on breast cancer Yin et al., 2018) , 22 on gastric cancer (Chen, Li, Zhao, Xiao, & Guo, 2017; Huang, He, Liang, Huang, & Zhu, 2017; Li, Shao, et al., 2018; Li, Song, et al., 2017; Lu et al., 2018; Shao, Chen, et al., 2017; Shao, Li, et al., 2017; Sun, Tang, et al., 2018; Tian, Chen, Li, & Xiao, 2018; Wei et al., 2019; Xie et al., 2018 ; Zhao, Chen, Li, Xiao, & Zhang,
2018), four on lung cancer (Li, Wang, Chen, Chen, & Jin, 2018; Zhu et al., 2017; Zong et al., 2018) , 16 on hepatocellular carcinoma (Chen, Zhang, Lin, Song, & Wang, 2018; Fu et al., 2018 Fu et al., , 2017 Li et al., 2019; Qin et al., 2016; Shang et al., 2016; Yao et al., 2017; Yao et al., 2018; Zhang, Zhou, et al., 2018; and seven on other cancers (Fan, Cao, Liu, Zhang, & Li, 2019; Lan et al., 2018; Li et al., 2019; Sun, Li, et al., 2018; Teng et al., 2017; Wang, Xue, et al., 2018; Yang et al., 20172018) . Moreover, three articles with 13 studies explored the diagnostic value of the combined circRNAs (Chen, Li, Zhao, et al., 2017; Fan et al., 2019; Li, Shao, et al., 2018) in Table S2 . Finally, detailed results of the QUADAS-2 quality assessment are provided in Figure S1 and Figure S2 . Each study showed risk of bias from four primary domains: patient selection, index test, reference standard, and, flow and timing. Also, the first three domains are applied to evaluate clinical applicability. The existence of the risk of bias is caused by many reasons. For example, index test studies with design deficiencies, predefinition of thresholds of index test positivity, and the inclusion of healthy controls or volunteers. About 20 studies included healthy participants, and several original literatures did provided explicit selection of subjects. The quality of all included studies ranged from medium to high, indicating that the study is relatively reliable.
| Diagnostic performance of a single circRNA
All 64 studies covering 5,373 cases and 4,750 controls were available for evaluating diagnostic accuracy of single circRNA (presented in Table 1 selected as the pretest probability, the positive posttest probability of circRNAs would rise to 43% with a PLR of 3, while the negative posttest probability would drop to 8% with a NLR of 0.33, as presented in the Fagan's nomogram of Figure 3a . The heterogeneity were observed by I-squared (SEN: I 2 = 88.68% and SPE: I 2 = 88.32%), which indicated existence of the significant heterogeneity among the all included studies (Figure 2a,b) . Hence, we conducted meta-regression analysis, bivariate boxplot, and ROC plane/Spearman's correlation coefficient to identify the potential sources of heterogeneity across the studies. ROC plane/Spearman's correlation coefficient was applied to examine whether the heterogeneity was caused by the diagnostic threshold effect. The ROC plane presented the absence of typical shoulder arm, proving nil threshold effect (Figure 3b ). Spearman's correlation coefficient was 0.228 (p = 0.07), suggesting that the threshold effect did not exist. The presence of heterogeneity may result from sample size, specimens, control sources, breast cancer, gastric cancer, and hepatocellular carcinoma according to univariable metaregression analysis ( Figure 3c ). As shown in bivariate boxplot of Figure 3e , there are 13 studies not located in the boxplot. Of the 13 studies, six studies (study 4, 17, 18, 35, 52, and 54) belong to tissue group and other studies belong to plasma group (study 1, 5, 12, 10, 41, 44, and 53), implying that specimen was the major causes of heterogeneity. After excluding the 13 studies, the pooled SEN, SPE, and AUC were 0.75 (95% CI: 0.72-0.77), 0.76 (95% CI: 0.72-0.79), and 0.82(95% CI: 0.78-0.85) respectively, which had only minimal changes compared with previous results. Additionally, the heterogeneity across studies was also reduced (SEN: I 2 = 75.72% and SPE: I 2 = 78.36%). No significant publication bias was detected by Deeks' funnel plot asymmetry test, with a p value of 0.94 as shown in Figure 3f .
| Diagnostic performance of combined circRNAs
Thirteen studies from three publications evaluated the diagnostic practicality of the combined circRNAs. The pooled SEN and SPE were 0.89 (95% CI: 0.83, 0.93) and 0.94 (95% CI: 0.90, 0.97), respectively (Figure 5a,b) . Additionally, the corresponding AUC was 0.97 (95% CI: 0.95-0.98) (shown in Figure  5e ), demonstrating that the combined circRNA improved the diagnostic accuracy. The AUC of GC subgroup was also 0.97 Fagan's nomogram was adopted to examine the posttest probabilities for the clinical value of the combined circRNAs diagnosis. Fagan's diagram presented that the posttest probability of accurately diagnosing cancer would increase to 79%, while the negative probability would drop to 3%, with a pretest probability of 20% (Figure 5d ). These results suggested that the combined circRNAs serve as the best potential biomarkers for cancer diagnosis. The ROC plane of nontypical shoulder arm ( Figure 5c ) and Spearman's correlation coefficient (−0.055, p = 0.857) mean the absence of the threshold effect. The p value of Deek's test was 0.93, indicating that the significant publication bias did not exist (Figure 5g ).
| DISCUSSION
In the past decade, because of their special advantages as biomarkers, circRNAs have attracted attention in the detection, diagnosis, and prognosis of cancers (Chen, Li, Zheng, et al., 2017; Jiang et al., 2018; Shang et al., 2016; Zhu et al., 2017) . First, dysregulation of circRNAs was identified in tissues, plasma, and even exosomes from patients with many types of cancer (Li, Song, et al., 2017; Lu et al., 2017; Shao, Chen, et al., 2017) . Second, circRNAs possess conserved sequences and close stable loop structures (Jeck et al., 2013; Qu et al., 2015) . Third, circRNAs closely correlated with carcinogenesis as they have complex biological functions (Barrett & Salzman, 2016; Cortes-Lopez & Miura, 2016) . Therefore, circRNAs might be deemed to be promising candidate biomarkers for early diagnosis of carcinoma.
In previous meta-analysis, the diagnostic implication of tissue-based circRNAs was only appraised in hepatocellular carcinoma and gastric cancer (Chen, Zhang, Han, et al., 2018; Wang, Yang, et al., 2018) . However, this study was the first to quantitatively analyze the diagnostic value of circRNA in breast cancer and lung cancer. Additionally, diagnostic significance of blood-based and combined circRNAs was also first evaluated in the meta-analysis. All the parameters of the meta-analyses indicated moderate test performance of circRNAs for the diagnosis of lung cancer, gastric The blood-based circRNAs showed a diagnostic superiority compared to tissue circRNAs by the pooled AUC (blooded circRNA: 0.87; tissue circRNA: 0.79). The combined circRNAs serve as good candidate biomarkers for GC diagnosis(SEN: 89%; SPE: 94%; AUC: 0.97). Therefore, results of the study suggested that specific circRNAs may be potential biomarkers to discriminate cancer patients from nontumorous individuals.
Overall, significant heterogeneity existed in this metaanalysis (I 2 = 88.68% for SEN). The value of the spearman correlation coefficient was 0.228, which demonstrated that the heterogeneity of interstudy did not result from the threshold effect. The regression analyses suggested that cancer, type of control, and specimen were probably the sources of heterogeneity. In addition, abnormal expression of circRNAs in tissue is different from plasma/serum. Therefore, we speculated that the heterogeneity of interstudy may be caused by the specimen. Subsequently, we respectively analyzed the diagnostic accuracy of circRNA in tissue and blood among different types of cancer. For tissue group, the study presented the following strengths compared with the previous studies which only assessed the diagnostic role of tissue circRNAs in GC and HCC (Chen, Zhang, Han, et al., 2018; Wang, Yang, et al., 2018) . First, it was first time to comprehensively evaluate the diagnostic role of tissue circRNAs in CRC and BC. Also, the circRNAs for CRC diagnosis have moderate diagnosis role with the corresponding AUC of 0.85 (95% CI: 0.82, 0.88). However, the AUC of BC subgroup was lower than that of HCC, GC, and CRC groups, which implied that the circRNAs may possess lower diagnostic performance for BC patients. Second, we avoided the potential bias derived from the specimen to reveal the diagnostic performance of tissue-based circRNAs compared with the study of Chen et al. (Chen, Zhang, Han, et al., 2018) . The study first analyzed circRNA expression in plasma/ serum to differentiate patients with cancer from healthy people and conducted a preliminary assessment of clinical utility for plasma/serum circRNAs. The pooled AUC was 0.87 (95% CI: 0.83, 0.89), implying that the blood-based circRNAs had higher diagnostic performance than tissue circRNAs. Subsequently, we conducted subgroup analyses by sample size and cancer type. CircRNAs of GC group (AUC: 0.83) presented better diagnostic value compared with BC group (AUC: 0.78). Therefore, blood circRNAs play different diagnostic roles among multiple types of cancer.
Multiple studies provided that the detection of a single biomarker shows lower sensitivity and poor specificity. Hence, the detection of combined markers is necessary for clinical diagnosis as combined markers can remarkably improve the sensitivity and specificity of screen test. Therefore, it is essential to assess the diagnostic practicality of the combined circRNAs in the pooled meta-analysis (Chen, Li, Zheng, et al., 2017; Li, Shao, et al., 2018) . We identified that the combined circRNAs was rather served as better diagnostic biomarkers for GC diagnosis, with a pooled SEN of 0.89, a SPE of 0.94, and an AUC of 0.97. Additionally, Glas et al. provided that the higher DOR index signifies better diagnostic performance as it combined SEN and SPE (Glas, Lijmer, Prins, Bonsel, & Bossuyt, 2003) . In the study, the DOR value was equal to 124, indicating that the combined circRNAs might act as relatively perfect biomarkers for cancer diagnosis. Fagan's plot demonstrated that detection of the combined circRNAs possess good clinical utility. Therefore, we can explore the combined currently valid biomarkers and novel markers with higher diagnostic accuracy for clinical diagnosis in the future.
We found that the diagnosis of combined circRNAs apparently possess better diagnostic value for clinical practice compared with that of a single circRNA. Multiple studies found that single circRNAs yield good diagnostic performance in tissue or plasma (Shang et al., 2016; Sun, Tang, et al., 2018; Wang, Li, et al., 2018; Zong et al., 2018) . Moreover, several studies provided that single circRNAs in combination with other plasma protein biomarkers such as CEA, CA-15.3, CA-125 and AFP possess better diagnostic performance Prefumo, 2016; Yang et al., 2017; Yin et al., 2018; Zhang, Yang, et al., 2018) . Additionally, a single circRNA combined with other circRNAs obtained also had better diagnostic accuracy Li, Shao, et al., 2018; Ren & Xin, 2017) . For example, Li et al. identified that has_ circ_0000096 and hsa_circ_002059 have moderate diagnosis value for gastric cancer, with an AUC of 0.82 and 0.73 respectively, while the AUC value of hsa_circ_0000096 combined with hsa_circ_002509 increased to 0.91 . Besides, when hsa_circ_0001017 in tissue combined with plasma, diagnostic accuracy was greatly improved for gastric cancer (AUC: 0.952) (Li, Shao, et al., 2018) . In addition, the combination of hsa_ circ_0001017 and hsa_circ_0061276 in tissue and plasma gained better efficacy for gastric cancer (AUC: 0.966). Consequently, we should continue to explore novel biomarkers, such as circRNAs, lncRNAs, and miRNAs with good diagnostic performance, combined with other effective biomarkers to yield better performance for cancer diagnosis, and ultimately for clinical practice.
The meta-analysis had several limitations. First, there were no studies in non-Asian population, which reduced the clinical applicability of the pooled results across different ethnicities. Second, the sample sizes of included studies were limited. Third, some confounding information including stage of cancer, age distributions, and gender proportions were unknown, so further subgroup analysis could not be conducted. Finally, a small number of studies included in healthy subjects would lead to overestimation of the diagnostic value of circRNA in this study. Hence, more large-scale studies are indispensable to evaluate the diagnostic accuracy of plasma or tissue circRNAs among different malignant cancers due to the existence of the drawbacks.
In conclusion, the study proved that specific circRNAs may be used as candidate biomarkers for diagnosis of cancers including colorectal cancer, breast cancer, gastric cancer, lung cancer, and hepatocellular carcinoma. The combined circRNAs may possess well diagnostic efficacy for gastric cancer. Nonetheless, further large-scale studies, involving novel and effective circRNAs as well as their in combination with other circRNAs or clinical biomarkers, are needed to contribute to the application of clinical diagnosis in the future.
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